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y^WHAT IS CLAIMED IS: 

*^7^^ ^ 1. A receiving beam- forming method comprising the steps.. 



of: 



dividing a plurality of ultrasonic transducer elements^ 



/arranged in an arc ^shap ed f ormj intcT^^^ 

(according to directions In which receiving— beams-are formedj 
repeatedly sampMng signals received by the individual, 
ultrasonic transducer ^lements at a specif ic^scanning 
frequency/^ 

selecting sample deata derived f rom ( di£f erent scannin g,, 
cycles f or the individual blocks^ and^ 

forming -the receiving^ beams using the selected sample. 

data. 

2. The receiving beam- farming method according to claim. 
1, wherein the signals recei^d by the multiple ultrasonic 
transducer elements are pulse signals whose pulselength is - 
shorter than the extent of the Wltiple ultrasonic/ 
transducer elements arranged in ^he arc -shaped form as 
measured along the direction of e^ch of the receiving beams 

3. The receiving beam-f ormingV method according to claim 
1, wherein the signals received by \he multiple ultrasonic 
transducer elements are gr^wing^ave^ whose amplitude 
gradually increases or damped* waves wfto.se amplitude 
gradually decreases 

4. A receiving beam-forming method \n which a plurality 



/X 
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of ultrasJfciic transducer elements arranged in an arc-shaped 
form as recVed in claim 1 are obtained by selecting an arc- 
shaped part o\multiple ultrasonic transducer elements which 
are arranged in\a circular form, wherein receiving beam- 
forming directiorXis rotated by successively switching the 
selection of said ^rc-shaped part of the ultrasonic 
transducer elements. 

5. A receiving beam-forming method comprising the steps 

of: 

dividing a plurality of ult r asonic-^fe^a^ duc er elements 



arranged (in a 1 



meal 



form )into\ multiple blocks 




th 



repeatedly sampling signal^r^ceiv_ed_by^the individual 
ultrasonic transducer e\ement// at a specific scanning 
frequency; 

selecting sample data )serived from different scanning 
cycles for the individual bloats; and 

forming a receiving beam if^a specific direction using;, 
the selected sample data. 

^ 6. The receiving b^am- forming method according to claim 
5, wherein the signals received by the multiple ultrasonic 
transducer elements are pja.se signals whose pulselength is 
shorter than the extent of \he multiple ultrasonic 
transducer elements as viewed from said specific direction. 

7. The receiving beam-foVming method according to claim 
5, wherein the signals received by the multiple ultrasonic 



% 



transduced elements are growing waves whose amplitude 
gradually Ureases or damped waves whose amplitude 

gradually decreases . 

8. The r^eiving beam- forming method according to claim 
5/ -6-©*-^, wherein selection of the scanning cycles for the 
individual bloc4 is altered according to the angle between 
the direction of Vhe receiving beam and the ultrasonic 
transducer elements arranged in the linear form. 

9. A receiving beam- forming method comprising the steps 

of: 

entering sample\data obtained by sampling signals 
received by a plurality of ultrasonic transducer elements 
arranged in a linear lorai -at a specj^i^carmixig-^e^nc: 

storing saicTsImp\e~data derived from multiple sea ming, 
cycles ; 



dividing the multipVe ultrasonic transducer- elements 




into^-multipl 

^-reading ouTTtne^sampA data derived, from different 
scanning cycles for the individual blocks; 

producing a continuous \ample data train by shifting 
the phase of the individual sLnple data; .and 

forming a receiving beam \i a specific direction using 

the sample data. 

10. A receiving beam-f ormingV apparatus comprising: 
y a multiplexer which multiplexes echo signals received 
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by multiple ultrasonic transducer elements arranged in~an 
f arc- sha£ed\ form on a receiving transducer into a smaller 



number of^ignal lines than the number of the ultrasonic 
transducer \lements; 

an A/D Converter which repeatedly samples the echo 
signals received by the individual ultrasonic transducer 
elements at a specific scanning frequency and outputs 
conplex-valued_^J|mDle_data; and 

a signal processor which 'divides the multiple, 
ultrasonic transducer elements into ^ujLt jgj^bjx.cte 



according to directio ns) in which receivi n g beams are, f o^rmed, / 
selects the sample datl derived from different scanning; 
cycles for the individuations, and forms the receiving.., 
be^Tl^ta^^ selected comple^valued ; . 

samD_le__data . 

11. The receiving beam-forming apparatus according) to 
claim 10, wherein said receiving transducer is constructed 
of multiple ultrasonic transducer elements arranged in a 
circular form, and said signal pVocessor obtains said 
multiple ultrasonic transducer elements arranged in the arc- 
shaped form by selecting a n arc-sha jgd part of the * 
ultrasonic transducer elements arranged in the circular form 
and rotates receiving beam- forming direction by successively 
switching the selection of said arc-shaped part of the 
ultrasonic transducer elements. 
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12. A matched filter which selects an arc-shaped part 
of ultrasonic transducer elements from a plurality of 
ultrasonic transducer elements arranged in a circular form 
and forms a receiving beam oriented in a central direction 
of said arc-shaped part, said matched filter comprising: , 

a shift register which has as many stages as a number- 
given by' (the number of said ultrasonic transducer elements 
arranged in the circular form) x <n-l> + (the number of said 
ultrasonic transducer elements of the arc-shaped part) and 
stores signal trains obtained from said ultrasonic 
transducer elements of the arc-shaped part among signal 
trains of multiple scanning cycles sequentially entered from 
said ultrasonic transducer elements arranged in the circular 
form in the order of a signal train of the nth scanning 

cycle, a signal train of the (n-l)th scanning cycle a 

signal train of the second scanning cycle and a signal train 
of the first scanning cycle; 

a plurality of multipliers which divide said ultrasonic 
transducer elements of the arc-shaped part into n blocks 
according to the direction in which the receiving beam is 
formed, selects signals of the ultrasonic transducer 
elements of a block closest to the beam direction from the 
signal train of the nth scanning cycle, selects signals of 
the ultrasonic transducer elements of a block next to the 
block closest to the beam direction from the signal train of 
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the (n-l)th scanning cycle selects signals of the 

ultrasonic transducer elements of a block next to a block 
m0 st distant from the beam direction from the signal train 
of the second scanning cycle, selects signals of the 
ultrasonic transducer elements of the block most distant 

from the beam direction from the signal train of the first 

scanning cycle, and multiplies the individual signals by 

corresponding coefficients; and 

an adder which adds up results of multiplications 

performed by the individual multipliers and outputs the sum 

as correlation data. 

13. A matched filter which selects an arc-shaped part 
of ultrasonic transducer elements from multiple ultrasonic 
transducer elements arranged in a partially cutaway circular 
form and forms a receiving beam oriented in a central 
direction of said arc-shaped part, 

wherein n number of shift registers having as many 
stage, as the number of said multiple ultrasonic transducer 
elements arranged in the partially cutaway circular form and 
shift registers having as many stages as the number of said 
ultrasonic transducer elements of the arc-shaped part are 
connected in parallel, and said matched filter stores signal 
trains obtained from said ultrasonic transducer elements of 
the arc-shaped part a^ong signal trains of multiple scanning 
cycles sequentially entered from said ultrasonic transducer 
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elements arranged in the partially cutaway circular form in 
the order of a signal train o£ the nth scanning cycle, a 

signal train o£ the (n-l)th scanning cycle a signal 

train of the second scanning cycle and a signal train of the 
first scanning cycle while loading the. in parallel between 
the individual shift registers, said matched filter 
comprising: 

a plurality of multipliers which divide said ultrasonic 
transducer elements of the arc-shaped part into n blocks 
according to the direction in which the receiving be OT is 
formed, selects signals of the ultrasonic transducer 
elements of a block closest to the beam direction from the 
signal train of the nth scanning cycle, selects signals of 
the ultrasonic transducer elements of a block next to the 
block closest to the beam direction from the signal train of 

the (n-l)th scanning cycle selects signals of the 

ultrasonic transducer elements of a block next to a block 
.nost distant from the bea™ direction from the signal train 
of the second scanning cycle, selects signals of the 
ultrasonic transducer elements of the block most distant 
from the beam direction from the signal train of the first 
scanning cycle, and multiplies the individual signals by 
corresponding coefficients; and 

an adder which adds up results of multiplications 
performed by the individual multipliers and outputs the sum 
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as correlation data. 

14- The matched filter according to claim 12 w-T3T 
wherein the signal trains entered from said multiple 
ultrasonic transducer elements are complex-valued sample 
data trains, and wherein said matched filter comprises: 

two lines of said shift registers for in-phase data and 

quadrature data; 

four lines of said multipliers and said adder for in- 
phase data x in-phase coefficient, quadrature data x 
quadrature coefficient, in-phase data x quadrature 
coefficient, and quadrature data x in-phase coefficient; and 

an output section which determines an in-phase portion 
of a correlation value by subtracting the product of in- 
phase data x in-phase coefficient from the product of 
quadrature data x quadrature coefficient, and determines a 
quadrature portion of the correlation value by adding the 
product of in-phase data x quadrature coefficient and the 
product of quadrature data x in-phase coefficient. 
C\ 15. The matched filter according to claim 12, Hfl^ur- '1-4-^ 
wherein multiple sets of the coefficients are provided such 
that the receiving beam can be focused at varying distances. 

16. A receiving beam-forming apparatus in which echo 
signals received by multiple ultrasonic transducer elements 
arranged in a linear form are sampled at a specific scanning 
frequency to obtain sample data, said receiving beam- forming 
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apparatus comprising: 

a memory which stores the sample data derived from 
multiple scanning cycles; and 

a beamformer which divides the multiple ultrasonic 
transducer elements into multiple blocks, reads out the 
sample data derived from different scanning cycles for the 
individual blocks from said memory, and forms a receiving 
beam in a specif ic direction using the individual sample 
data which have been read out . 

17. The receiving beam- forming apparatus according to 
claim 16, wherein selection of the scanning cycles for the 
individual blocks is altered according to the angle between 
the direction of the receiving beam and the ultrasonic 
transducer elements arranged in the linear form, 

18. The receiving beam- forming apparatus according to 

✓ claim 16 «o*---l-7», wherein said beamformer is ajmatched f ilterj 
which forms the receiving beam in the specific direction .by 
multiplying the individual sample data by specific 
coef f icients, . and said matched filter is provided with 
multiple sets of the coefficients so that the receiving beam 
can be focused at varying distances. 

19. A receiving^ beam- forming apparatus in which echo 
signals received by^ul^tipl e^ ultrasonic^ transducer^elements 
arrange d in a jJ jie.ar^for^>re ^sampled at a specific scanning, 
frequency to obtain sample data, said receiving beam-forming 
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apparatus comprising: 

a memory which stores the sample data derived from, 
multiple scanning cycles; 



a^ sampling plane generator^ which produces a continuous, 
sample data train of a sampling plane of a specific angle by 
^sh ^tin g^th g phas e of or interpolating the sample data 
derived from the multiple* scannfng-eyclesr and 

a beamformer which forms a receiving beam in a specific- 
direction using the sample data. 

20. A receiving beam-formir^ apparatus which repeatedly 
* samples echo signals receivec^by multiple ultrasonic; ' 
transducer elements at a spafe ific scannin g^f reguency and, 
forms a receiving beam'usi/g sample data obtained by 
sampling the echo signals^ in multiple scanning cycle^.) 



21. A sonar system which emits an ultrasonic search 
pulse signal and receives echo signals by receiving beams 
formed successively and oriented in successively varying 
directions, said sonar system comprising: 

a plurality of transducer elements for receiving echo 
signals of a specific frequency; 

a plurality of A/D converters which convert analog 
signals supplied from said transducer elements into digital 
f orm; 

means for generating in-phase data of complex-valued 
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sample data and quadrature data of complex-valued sample 
data from the digital signals; and 

a matched filter for receiving the in-phase data of 
complex-valued sample data and quadrature data of complex- 
valued sample data from said generating means and 
successively forming the receiving beams in different 
directions. 

22. The sonar system as claimed in the claim 21 wherein 
the matched filter comprises a first memory unit for storing 
complex valued sample data resulting from echo signals, a 
second memory unit for storing complex coefficients, a 
plurality of multipliers for multiplying the sample data 
with the corresponding complex coefficients respectively, an 
adder for adding the output signals from the multipliers, 
and an amplitude detector for producing based on the output 
signals of the adder output signals forming a reception beam. 

23. The sonar system as claimed in the claim 21 wherein 
the plurality of transducer elements are arranged on the 
surface of a sphere at space intervals. 

24. A sonar system which emits an ultrasonic search 
pulse signal and receives echo signals by receiving beams 
formed successively and oriented in successively varying 
directions, said sonar system comprising: 

a plurality of groups of transducer elements for 



-76- 



# 

receiving echo signals of a specific frequency; 

a plurality of multiplexers which multiplex signals 
entered successively from each of said groups of the 
transducer elements into a smaller number of channels than 
the number of said transducer elements, wherein said 
multiplexers operate with synchronized switching timing; 

a plurality of A/D converters which convert analog 
signals entered respectively and individually from said 
multiplexers into digital form," wherein said A/D converters 
operate with synchronized sampling timing; 

means for generating in-phase data of complex-valued 
sample data and quadrature data of complex-valued sample 
data from the digital signals; and 

a matched filter for receiving the in-phase data of 
complex-valued sample data and quadrature data of complex- 
valued sample data from said generating .means and 
successively forming the receiving beams in different 
directions, 

the matched filter comprising a first memory unit for 
storing complex valued sample data resulting from echo 
signals, a second memory unit for storing complex 
coefficients, a plurality of multipliers for multiplying the 
sample data with the corresponding complex coefficients 
respectively, an adder for adding the output signals from 
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the multipliers, and an amplitude detector for producing 
based on the output signals of the adder output signals 
forming a reception beam. 

25. The sonar system as claimed in the claim 24 wherein 
the plurality of the transducer elements are arranged on the 
surface of a sphere at space intervals. 




-78- 



